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157  ABSTRACT
A helium ionization detector for gas chromatography is

operated In a constant current, pulse-modulated mode

by configuring the detector, electrometer and a high
voltage pulser in a closed-loop control system. The
~ detector current is maintained at a fixed level by vary-
~ing the frequency of fixed-width, high-voltage bias
pulses applied to the detector. An output signal propor-

tional to the pulse frequency is produced which is indic-
ative of the charge collected for a detected species.

6 Claims, 6 Drawing Figures
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CLOSED-LOOP PULSED HELIUM IONIZATION
- DETECTOR

This invention 1s a result of a contract with the U.S.
Department of Energy.

BACKGROUND OF THE INVENTION

- This invention relates generally to the art of helium
- ionization detectors and more specifically to improve-
ments in helium ionization detection systems.
- The helium ionization detector (HID) is one of the
most sensitive detectors cu'rrently available for gas
chromatography The detector is nonselective, meaning
-that it is capable of responding to all chromatographa-
ble species ranging from the permanent gases to com-
plex organic molecules. Despite its universal response

~ mechanism and high ionization efficiency, the HID

detector has not been widely used. The reasons for its
~ limited use include the stringent requirements for high
_sensitivity operation, instability, and variations in re-

4,705,948
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- operation. This technique is the subject of U.S. patent
- application for a “Pulsed Helium Ionization Detection

>

10

System” by Ramsey et al, filed Apr. 9, 1985, presently
identified as Ser. No. 721,339 and having a common
assignee with the present invention, the subject matter
of which is incorporated herein by reference thereto.

However, there is a need for further improvements to
extend the analytical capabilities of an HID by extend-
ing the upper detection limits while reducing instability
and maintaining its inherent sensitivity.

SUMMARY OF THE INVENTION
In view of the above need it is an object of this inven-

- tion to provide an improved pulsed helium ionization

15

detection system including feedback control of the de-

tector pulsed operation which prevents spontaneous

breakdown when high concentrations are introduced

- into the detector and increases dynamic range. -

20

sponse for selected species as a function of chromato-

graphic conditions. The greatest sensitivity is obtained
when ultrapure helium is used as the carrier gas and
~ when contributions from the chromatographic system

mal. Low parts-per-billion concentrations of the perma-
nent gases can be determined under these: conditions.
- The universal response characteristic which is largely

. an advantage can also be troublesome since any atmo-

 spheric diffusion into the system will reduce the sensi-
. tivity of the detector. Long periods of time may be

~ required to stabilize the detector on initial start-up,

when changing separation columns, or following any
~ exposure of the system to the atmosphere. The response
to the substrate or solvent may also be excessively large
requiring long periods between sample analyses to
~ allow the detector to return to initial background condi-

tions. When the detector 1s over loaded by high concen-

trations of an analyte, or if the background is high,
‘anomalous peak shapes or polarity inversions may be

. obtained making it difficult to interpret the results.

25

B (e.g., column bleed) to the background current are mini-

30
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 Despite these problems, there has been renewed in-

terest in the HID. The characteristic negative response
- for the permanent gases has been examined and condi-
tions which invert the signals defined. It has also been

determined that the detector may be operated in the
‘saturation region of the field intensity with sensitivities

- comparable to those which may be obtained in the ex-
ponential reglon (i.e., at greater than 350 V). This is due

~ to a decrease in noise level and background current.
~ These reductions, in turn, have allowed gas-liquid parti-
. tion columns to be used with the detector which ex-
~ tends the applleatlons to mclude hlgher molecular

- weight organics.
- Conventionally, the HID has been operated only ina
- dc mode, wherein a constant polarizing voltage is ap-

sured continuously. In this mode the detector is prone

45

Other objects and many of the attendant advantages
of the present invention will be apparent to those skilled
in the art from the following detailed description of a
preferred embodiment of the invention taken in con-
junction with the drawings. |

In summary, a conventional helium ionization detec-
tor is combined with a feedback control loop which

 pulses the detector bias voltage at a frequency to main-
~ tain a selected constant current through the detector as

the analyte concentration varies. The control loop in-
cludes a stable, low-noise current source which injectsa
selected, fixed reference current into the input summing
node of a low-noise, high-speed electrometer along
with the ionization current signal from the detector.
The output of the electrometer is amplified by low-
noise gain stages and applied to the input of a voltage-
to-frequency converter whose output controls the pulse
rate of a high-voltage pulser. The voltage pulses from
the pulser are applied to the detector and the frequency
is varied by the control loop to maintain an average

-detector current equal to the fixed reference current.

Since the detector exhibits a low background current

“with high purity helium as the carrier gas, the highest

frequency of operation is obtained at the lowest concen-
tration of an analyte and decreases as the analyte con-
centration increases thereby preventing breakdown of
the detector and extending the dynamic operating

- range. The closed-loop system increases the upper de-
~ tection limit approximately 50 times over the conven-

50
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plied across the cell and the ionization current is mea-

- to spontaneous breakdown when high concentrations of 60

an analyte are introduced into the cell. Further, the

~ useful detecting range is rather narrow.

The performance of an HID has been recently im-
-proved by operating the detector in a pulsed mode n
- which the bias voltage applied to the detector 1s pulsed

65

at a selected frequency and duty cycle to reduce noise
and background current levels in the detector’s output
current response as compared to conventional dc bias

tional dc mode of operation.

BRIEF DESCRIPTION OF THE DRAWINGS

'FIG. 1 is a schematic block diagram of a closed-loop
helium ionization detection system according to the
present invention.

FIG. 2 is a schematic circuit diagram of the reference
current circuit 15 and electrometer 13 shown in block
form in FIG. 1. |

"FIG. 3 is a schematic circuit diagram of the mterstage
~gain circuit 17, voltage-to-frequency converter 19,
monostable. Multivibrator 21 and instrumentation am-
plifier 27 shown in block form in FIG. 1.

FIG. 4 is a schematic circuit diagram of the high

- voltage pulser 23 shown in block form in FIG. 1.

FIG. 5 is a graph of the system output response for a
1% concentration mixture of neon, hydrogen, argon,
nitrogen and methane with ultra-high purity helium as

the carrier gas with an initial settlng of 350 volts and 80

kHz.
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FIG. 6 1s a set of 3 calibration curves obtained for

methane at baseline frequency settings of 250,160, and

80 kHz, respectively.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. 1, a conventional helium ionization

detector (HID) 5, such as the Valco Model 100H

availlable from Valco Instruments Co., Inc. Houston,
‘Tex., 1s operated in a pulsed mode to detect components

of a gas sample introduced into the detector from a
separating column operated within a chromatographic
oven 7. Details of this type of sampling system and the
HID may be had by referring to the above-referenced
application. The detector § includes a cathode 9 and an
anode 11, as shown in FIG. 2, between which the gas
flows. The anode is formed of a foil containing a radio-
active source, such as 1Ci scandium tritide, which
serves to 1onize the sample gas components in the detec-
tor volume to produce an ionization current.

The anode of the detector 5§ is connected to a sum-

10

15

20

ming junction input of an electrometer 13 together with

a selected reference current from a stable reference
current source 15 whose output may be varied over a
range of from 0-50 nanoamperes. The output of the
electrometer 1s fed through appropriate gain control
circuitry 17 to the input of a voltage-to-frequency con-

---verter 19. The converter 19 produces an output pulse

train having a frequency proportional to its input signal
voltage. This pulse train is applied to the input of a
‘vanable period (0.5-4 microseconds) monostable multi-
vibrator 21 which is triggered once each cycle of the

1nput pulse train to produce switching pulses of selected

and stable duration. At the highest operating frequency,
the duty cycle is preferably 80% or greater which has
 been determined experimentally to produce the highest
sensitivity. This pulse is applied to a high voltage pulser
23 which in turn applies high voltage bias pulses across
the detector anode and cathode through switching of a

- bias voltage from a high voltage power supply 25. The
= ~bias voltage is applied to the detector for the duration of

the switching pulse from the multivibrator 21. The
multivibrator 21 period is adjusted to obtain the desired
duty cycle of the high voltage pulse train applied to the
detector under background conditions.

The high voltage pulser 23 is capable of operating
from 0 to 500 volts from dc to greater than 300 kHz at
the highest voltage. Thus, a variable voltage dc source
25 1s used to allow the operator to adjust the bias volt-
age applied to the HID § in accordance with the partic-
ular application. One power supply which may be used
i1s a Kepco Model APH 500M, Flushing, N.Y.

The chromatographic signal is extracted from the

input to the voltage-to-frequency converter 19 and fed
through an instrumentation amplifier and low pass filter
network 27 to a recording device 29, such as a strip
chart recorder, as will be more fully described herein
below. This chromatographic signal is proportional to
the change in frequency at which the detector is being
pulsed and proportional to the concentration of the
analyte being detected by the HID 5. The concentration
of the analyte being detected is more closely propor-
tional to the time difference between the inverse fre-
quency and background period which can be easily
determined by monitoring the output puise frequency
with a microprocessor based data acquisition sytem.
Referring now to FIG. 2, a schematic diagram of the
reference current generator and the high speed elec-

25
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trometer circuit together with the HID 5 are shown.
The reference current generator 15 shown at the top of
the drawing, generates an adjustable reference current
(Ir), typically set for 10 nA, which is selected in accor-
dance with the desired operating current (Ip) level for
the HID 3. The reference current (Ig) is generated by
connecting a high megohom (200 meg) resistor 31 be-
tween the adjustable output of a stable reference volt-
age source through a grounded shield 33 to the invert-
ing input (—) of a high speed amplifier 35, such as a
model HA-5180 supplied by manufacture Harris Corpo-
ration, Orlando, Fla. which forms the input stage of the
electrometer 13. A potentiometer 37 is provided at the
output of a stable voltage regulator 15 to provide ad-
justment of the reference current Ig. The average de-
tector current (Ip) 1s sensed by connecting the anode 11
of the detector 5 through a summing resistor 39 to the
inverting input of amplifier 35. The noninverting input
of amplifier 35 is connected to ground potential. The
output of amplifier 35 is connected to the input of a
buffer amplifier 41 whose output is connected to the
inverting input of amplifier 35 through a 2000 pf capaci-
tor Crand a resistor network including a resistor 43 and
a resistor R;Rrbeing a 400 megohm resistor, such that
the feedback current (I5) flowing through resistor Ryis
defined as follows:

In order to detect only the dc component of the de-
tector current a synchronous detector 43 is coupled to
the output of the buffer amplifier 41 and is controlled by
a sync signal from a pulse stretcher 47. The synchro-
nous detector acts as a switch which is closed during
the “off” period of the pulse from the monostable multi-
vibrator (MV) 21, see FIG. 1. The pulse stretcher may
take the form of a monostable multivibrator which is
triggered “on” at the leading edge of each pulse from
MV21 and has a period longer than the period of the
MV 21 pulse period so that when it times out a delayed
low going signal (delayed approximately 200 n sec.) is
applied to the detector, or switch 45, switching it “on”
for the remaining low period of the MV 21 pulse. This
synchronous detection of the dc component of detector
current decreases the high frequency ripple being intro-

.duced into the analog output signal from the electrome-

ter 13 caused by the switching of the bias applied to the
detector 5 and the consequent charging and discharging
of the detector capacitance Cyz whose current primarily
flows through the feedback capacitor Crz The output of
the synchronous detector 45 is also connected to the
input of amphfier 35 through the feedback resistor Ry
and to ground through a capacitor 49 so that an analog
output signal is developed at the output terminal 51
which is equal to the product of the feedback current I
and the feedback resistor Ry Large gains following this
stage within the overall feedback loop reduce this error
voltage to near zero and subsequently maintain the
average detector current equal to the reference current.

The electrometer circuit must have very low input
bias current (subpicoampere) and be able to keep the
input summing node at virtual ground during the detec-
tor pulse transient. Pulses of 350 volts with a rise time of
50 nanoseconds are typically applied to the detector,
this translates into a slew rate of 7000 volts per micro-
second. The detector capacitance, Cd, is approximately
1.5 pF. Thus, the slew rate requirement for the elec-
trometer is given by:



5
(S:R.)e=(7000 V/us)Cd/Cr

The electrometer output must be capable of supply-
ing approximately ten milliamperes charging and dis-
“ charging current through Crwhich 1s accomplished by
cascading a high current buffer amplifier 41 with the
output of amplifier 35 Wthh has adequate slew rate but
not current drive. |

The use of an RC network in the electrometer feed-
back rather than using only a capacitor limits the low

frequency gain of the input stage. This reduces the 1/f
- noise contribution from the reference current circuit.

- The electronic input noise of the first stage is dominated

by the thermal noise voltage of the feedback resistor
and the reference current resistor.
Thus, an analog output signal is produced at the elec-

- trometer output which varies in response to changes in
" the conductivity or free electron concentration in the

~ detector. Because the output of the electrometer is am-

- plified substantially by the interstage gain circuit 17,
~ variations in the electrometer output voltage are mini-
~ mized by the closed-loop system and the average detec-

tor current remains essentially constant. The gain cir-
25

- cuit 17, together with the voltage-to-frequency con-
verter 19, MV 21 and output circuit 37 are shown in

~ FIG. 3. The output of the electrometer 13 is connected
to the noninverting input of an operational amphﬁer 53

4,705,948
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applied to the pulser 23 and the electrometer 13 through

separate TTL buffers 79 and 81, respectively, whose

mputs are connected in common to the output of one-

shot 73.

The high voltage pulser is shown in FIG. 4. The
pulser circuit 1s capable of switching the high voltage
from the high voltage dc power supply 25 of up to 500

- volts at a frequency of dc to over 300 kHz at the highest

voltage. The frequency and width of the pulses are

' determined by the input trigger pulses from the TTL

buffer 79 of FIG. 3 which are applied to the inputs of
separate optoisolator gate input circuits (HP2601) 83

and 85, respectively. These gates form the inputs of

separate switching channels to switch the output termi-
nal 87 to either ground or to the selected negative high
voltage level at the output of the high voltage power
supply (HVPS) 25 in response to the input pulses. The
output devices are complementary gate driven MOS-

FET transistors 89 (MTP2P50) and 91 (MTP2N50) that
have 500 V breakdown ratings. The *“on” resistance of

- these devices is quite low, typically 4 ohms each, and

they exhibit no charge storage effects typical of bipolar
devices to impair switching speed. The negative output
pulse rise time of about 50 n sec 1s dominated primarily
by the output resistors 93 and 95 connected respectively

between the drain electrodes of transitors 89 and 91 and

~ through a low pass network consisting of resistor 55 and

- capacitor 55a. The output of amplifier 53 is connected
. to the inverting input_thereof' through a feedback resis-
- tor 57. This input terminal is also connected to ground

~ through a resistor 59. The values of resistors 57 and 59

30

the output terminal 87 and the connecting cable plus

detector 5 capacitances. The output transistors 89 and

91 are driven out of phase, so that only one is on at a
time. Since the input gate capacitance of these transis-

- tors is large (600~1,000 pF), high current drivers 97 and

are selected to prowde a positive gain of 67. The output

.  of amplifier 53 is connected to the inverting input of a
- second operational amplifier 61 connected to provide a
- gain of —10. Thus, the output of amplifier 61 is a signal

- proportional to the operating frequency.
. This signal is used as the chromatographlc output
,mgnal which is compared with .a posifive reference
~ voltage from a variable stable reference voltage source

. 63 by connecting the output of amplifier 61 to the non-

: inverting input of an instrumentation amplifier 65 con-

~ figured as a gain of unity. The reference voltage source

includes a stable voltage regulator 67 having its mput

- connected to a + 15V supply and operated to provide a

35

99, such as the model D469CJ supplied by Siliconix,

Inc., Santa Clara, Calif., are used to drive the output
transistors by connecting the outputs thereof to the

- gates of transistors 89 and 91, respectively. The source

electrode of transistor 89 is connected to the positive, or

- grounded, side of the HVPS 25 while the source elec-

45

stable 10V output which is connected across a potenti-
ometer 69. The adjustable arm of potentiometer 69 1s

connected to the inverting input of amplifier 65. The
potentiometer is adjusted to offset the output signal
‘produced by the background current level due to the
- helium carrier gas passing through the HID. The output
~of the amplifier 65 is connected through a low pass filter
amplifier 71 to the recorder 29, as shown in FIG. 1.
. As also shown in FIG. 3, the output of amplifier 61 is
connected to the input of the voltage-to-frequency con-

~verter 19. The circuit 19 is preferrably a model AD650

- supplied by Analog Devices, Norwood, Mass. which is
- configured to produce a 300 kHz pulse frequency for a
- 10 volt input. The AD6350 circuit features a low-noise
buried zener reference to generate a switched current
- source inside the chip. Use of the buried zener reference
. affords improved low frequency noise performance.

- The converter 19 triggers a TTL one-shot 73 which

forms the adjustable monostable multivibrator 21
~ shown in FIG. 1. An external timing circuit is provided
- which includes a potentiometer 75 for varying the per-

~iod of the one-shot which sets the duration of the high

50

trode of transistor 91 1s oonnected to the negative side

of HVPS 25. .
The separate switching channels are essentially iden-

~ tical with the exception of different timing circuits to
- control the switching of transistors 89 and 91 so that

transistor 91, which is switched on by the positive going
pulse from drive 99 is delayed a short period of time,
typically 20 nanoseconds, to insure that transistor 89 1s
“off”” prior to the switching of transistor 91 “on’ and
vice versa. The separate channels are operated from
separate isolated power supplies (A and B), not shown
which are referenced to separate local ground terminals

A and B, as shown, to provide circuit isolation from the

3

HVPS 25. Thus, the output of the optoisolator gate 85
responds to the positive pulse applied to the mnput from

‘the monostable 21, FIG. 1, to produce a negative output

pulse which is applied to an inverter 101 whose output
is connected to the input of current driver 99 through a
diode 103 having its cathode electrode connected to the

- output of inverter 101. The anode of diode 103 is con-

nected to ground terminal B through a capacitor 105
and to a 45V terminal of the B power supply through
resistors 107 and 109 respectively forming the timing

~circuit for this switching channel. During the period

65

- voltage bias pulses applied to the HID 5. The pulses are

that the input pulse to gate 85 is low, diode 103 con-

ducts due to the output of inverter 101 being low, hold-
ing the input to drives 99 low. Thus, when the output of
inverter 101 goes high, in response to the input pulse
going high, diode 103 is reverse biased causing capaci-
tor 105 to be charged to the +5VB voltage level at a
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rate determined by the time constant of the timing cir-
cuit producing the pulse shape shown at the input of
driver 99, thereby delaying the activation of driver 99
and thus the switching of transistor 91 to the conducting
state by applying a positive going pulse to the gate
thereof.

Similarly the output of gate 83 of the switching chan-
ne] for transistor 89 is connected to the input of an

mverter 111 whose output is connected through a diode

113 to the mnput of current driver 97 with the anode of
diode 113 connected to the output of inverter 111. The

cathode of diode 113 is connected to ground terminal A
through an RC timing circuit found of a capacitor 115
in parallel with series connected resistors 117 and 119.
In this case diode 113 is reverse biased during the off
- portion of the input switching pulse which forces the
output of inverter 111 low and output transistor 89 1s
turned “on” switching the output terminal 87 to ground
potential. When the input pulse goes high the output of
inverter 111 also goes high causing diode 113 to con-
duct, thereby activating the current driver 97 to imme-
diately turn transistor 89 off. When the input pulse
returns to the low state diode 113 is again reverse biased
and the capacitor 115, which is charged during the
conducting period of diode 113, i1s discharged through
resistors 117 and 119 at a rate determined by the RC
timing constant to produce the desired trailing edge

_ pulse shape applied to driver 97, thereby delaying the
~return of output transistor 89 to the on state. Thus, the

 switching of transistor 89 to the on condition is delayed
sufficiently to allow transistor 91 to be turned off fol-
lowing the application of each mput pulse from the
monostable multivibrator 21, FIG. 1. Thus, it will be
seen that high voltage pulses are applied to the HID 5 at
the feedback frequency determined by the amplitude of
the signal applhied to the input of the voltage-to-fre-
quency converter 19, FIG. 1, having a period equal to

- the period of the monostable multivibrator 21. This

pulse period is usually set to provide an approximate

| 80% duty cycle for the pulses applied to the HID.

- The HID 1s a sensitive device for gas chromato-
graphic detection. It is primarily used to determine
volatilizable compounds that are difficult to determine
with other available detector systems (e.g., low concen-
trations of the permanant gases). Operation of the HID
in a constant-current, variable-frequency mode im-
proves the detector’s stability, preventing spontaneous
breakdown when high concentrations of an analyte are
introduced into the detector, reduces background cur-
rent levels, and increases the dynamic range. Calibra-
tion curves for the closed-loop system were obtained by
analyzing standard gas mixtures which were generated
by diluting a 1% concentration mixture of neon, hydro-
gen, argon, nitrogen, and methane (balance high purity
 helium) with ultra-high purity helium. The analyses
were performed at 80, 160, and 250 kHz at a fixed pulse
width of 2.4 usec and at 350 V. Separations were carried
out at room temperature on a 1.8 mXx2.1 mm LD, 3.2
mm O.D. stainless steel column packed with molecular
sieve § A (80-100 mesh) using ultra-high purity helium
as the carrier gas at a flow rate of 35 ml/min. Concen-
trations from 1% to approximately 100 parts per billion
(ppb) could be analyzed. This contrasts to DC opera-
tion where the maximum concentration which can be
analyzed 1s approximately 100 parts per million (ppm).
Above 100 ppm in a DC mode the peaks for neon,
hydrogen, argon, oxygen, and nitrogen become de-

formed (W-shaped) and cannot be quantitated. Further-
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more, above 1000 ppm the detector cell breaks down,
delaying additional analyses until baseline conditions
are reestablished. FIG. § shows a chromatogram for a
1% concentration of the gases obtained with the detec-
tor pulsed at 80 kHz. Calibration curves for methane at
250, 160, and 80 kHZ covering 6 to 7 orders of magni-
tude are presented in FIG. 6.

Depending upon the analytical requirements the op-

erating frequency range and pulse duty cycle may be
adjusted to cover a broad detecting range. As an analyte
passes through the detector the system automatically

decreases the operating frequency to compensate for
the increase in ionization current to maintain an average
detector current substantially equal to the reference
current supplied to the input of the electrometer, as
shown in FIG. 1. High concentrations of an analyte are
best analyzed at low frequencies and duty cycles while
the greatest sensitivity for low concentrations is ob-
tained at high frequencies and duty cycles.

The closed-loop control system allows stable opera-
tion of the detector at high voltages. Thus, it will be
seen that an improved helium ionization detection sys-

- tem has been provided which i1s brought about by an
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improved operating system in which the detector is
combined with an electronic feedback loop that pulses
the detector bias voltage at a frequency to maintain
constant average current through the detector.

We claim: |

1. In combination, a helium ionization detector and a

closed-loop control system for pulsed operation of the
helium 10nization detector, comprising:

a helium ionization detector having an anode and a
cathode electrodes between which a helium carrier
gas containing an ionizable component whose con-
centration is to be detected is introduced to be
ionized to produce an ionization current therein
which flows through satd electrodes when a high
voltage bias 1s applied between said electrodes;

a high voltage pulser means for generating and apply-
ing selected amplitude high voltage bias pulses
between said electrodes of said detector in response
to input switching pulses applied to an input
thereof:

a reference current generator means for generating a
selected reference current corresponding to a de-
sired average ionization current in said detector;

an electrometer circuit means for generating an out-
put signal at an output terminal thereof that varies
in inverse proportion to the change in ionization
current in said detector which in turn varies in
proportion to the concentration of said ionizable
component within said detector, said electrometer
circuit means including an input current summing
junction connected to receive said reference cur-
rent and said ionization current, an electrometer
amplifier means having an input connected to said
summing junction to receive a current signal equal
to the difference between said reference current
and said ionization current for generating an output
signal having an amplitude which varies in inverse
proportion to the change in ionization current in
said detector, and a synchronous detector means
connected to the output of said electrometer ampli-
fier means and operable in response to a trigger
pulse applied to an enabling input thereof for ap-
plying the output of said electrometer amplifier
means to said output terminal of said electrometer
circuit means for the period said trigger pulse is
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~ applied to said enabhng 1nput of sald synchronous
detector means;

a switching pulse generating means responsive to sald

output signal of said electrometer circuit means for
generating and applying said switching pulses to
said high voltage pulser means at a frequency and a

~ selected duty cycle which maintains a constant
| average ionization current flowing in said detector
. which is substantially equal to said reference cur-
rent as the concentration of said ionizable compo-
‘nent varies and generating and applying said trig-
ger pulse to said enabling input of said synchrou-

- nous detector means during the period between
~ each of said high voltage pulser means so that only

the dc component of said output signal of said
electrometer amplifier means is applied to the out-
put terminal of said electrometer circuit means; and
means for sensing the amplitude of the output of said
electrometer circuit means as an indication of the
concentration of said ionizable component being

~ detected by said helium iomization detector.
2. The combination set forth in claim 1 further includ-
ing a high gain amplifier connected in series with said
~output terminal of said electrometer circuit means and
wherein said electrometer circuit means includes a first
amplifier having an inverting input connected to said

10 said high voltage switching means includes first and
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~ summing junction, a non-inverting input connected to

- ground potential and an output, a second amplifier hav-
. ing an input connected to the output of said first ampli-
-+ fier and an output connected to said synchronous detec-

-~ tor means, a feedback network including a first resistor
- connected between the output of said second amplifier

~.and said output terminal of said electrometer circuit
~ means, a second resistor (Rp connected between said

- output terminal and said inverting input of said first
. amplifier and a first capacitor (C,) connected between

‘the output of said second amplifier and said inverting

input of said first amplifier, and a second capacitor

- connected between said output terminal of said elec-

e - trometer circuit means and ground potential so that a
= signal is developed at said output terminal of said elec-

- trometer circuit means when said synchronous detector
~means is enabled which has an amplitude equal to the
product of a feedback current Irflowing through said

~ resistor Rrand the resistance of said feedback resistor
R/, where Iris equal to the difference between sald'

ionization current and said reference current.

- 3. The combination as set/forth in claim 2 wherein
said high voltage pulser means includes a variable high
voltage dc power source having a selectable output
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voltage range up to about 500 volts, a high voltage

switching means operable in response to said switching
pulses and the output voltage of said dc power source
for generating said high voltage bias pulses at an output
thereof having an amplitude corresponding to a selected
output voltage of said said power supply and a fre-
quency and pulse width corresponding to the mdth of
said switching pulses.

4. The combination as set forth in claim 2 wherein

second complementary MOSFET transistors con-
nected in series opposition between the output of said
high voltage power supply and ground potential so that
the common connecting point of said first and second
MOSFET transistors forms the output of said high
voltage pulser means and first and second gate drive
channels connected to the gate electrodes of said first
and second MOSFET transistors, respectively, and
each of said first and second gate drive channels respon-
sive to said switching pulses to generate gate drive
signals to the gates of said first and second MOSFET
transistors so that said output of said high voltage pulser
means is alternatively switched between the output of

‘said high voltage power source and ground potential at

a frequency corresponding to the frequency of said
switching pulses.
5. The combination as set forth in claim 4 wherein

said switching pulse generating means includes a volt-

age-to-frequency converter means connected to the
output of said high gain amplifier for generating a signal
at an output thereof having a frequency proportional to
the amplitude of the output of said high gain amplifier

-means and a variable period monostable multivibrator
connected to the output of said voltage-to-frequency

converter means so that said switching pulses are gener-
ated at an output of said monostable multivibrator hav-
ing a selected period and a frequency corresponding to
the frequency of said 31gnal from said voltage-to-fre-
quency converter means.

6. The combination as set forth in claim 4 wherem the

~ amplitude of said output signal of said electrometer
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circuit means is substantially proportional to the differ-
ence between said reference current and said iomization
current and applied to said voltage-to-frequency con-
verter means so that the frequency of said switching
pulses are decreased as the concentration of said com-
ponent to be detected by said detector increases, so as to
maintain a substantially constant average detector ioni-

zatlon current
| * X 3 x ¥
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